ABSTRACT -Background -Hepatitis C is a liver disease that causes significant changes in metabolism, and also has an impact on nutritional status. Objective -To evaluate the nutritional status and cardiovascular risk in patients with chronic hepatitis C. Methods -This cross-sectional study investigated 58 patients with chronic hepatitis C, non-cirrhotic and were not under active pharmacological treatment. Patients with significant alcohol consumption (greater than 10 g ethanol/day) were excluded. Patients underwent nutritional assessment through anthropometric measurements and functional assessment using hand grip strength by dynamometry. The physical activity was assessed using the International Physical Activity Questionnaire. Patients also underwent clinical and laboratory evaluation. Cardiovascular risk was calculated by the Framingham score. Results -The mean age of patients was 51.6±9.7 years, 55.2% were female, and 79.3% had genotype 1. The most prevalent degree of fibrosis was F1 (37.9%) followed by F2 (27.6%) and F3 (1.7%). The prevalence of overweight/obesity considering the body mass index was 70.7%. However, 57.7% of men and 68.8% of women were considered malnourished according to hand grip strength. These patients also had waist circumference (93.5±10.7 cm) and neck circumference (37.0±3.6 cm) high. Almost 60% of patients were considered sedentary or irregularly active. In relation to cardiovascular risk, 50% of patients had high risk of suffering a cardiovascular event within 10 years. Conclusion -Although most patients with hepatitis C presented overweight, associated with high cardiovascular risk, they also have reduced functional capacity, indicative of protein-caloric commitment. Therefore, body mass index can not be considered the only method of assessment for nutritional diagnosis of patients with liver disease. Adopting methods such as hand grip strength can be important for a better understanding of nutritional status of these patients. HEADINGS -Nutrition assessment. Chronic hepatitis C. Hand strength.
INTRODUCTION
Hepatitis C Virus (HCV) infection is characterized by high rates of fibrosis and chronic clinical course and many patients also progress to cirrhosis or even hepatocellular carcinoma. Hepatitis C is considered a severe public health problem with a significant social and economic impact (2, 20, 27, 31, 39) . While much research has been conducted with cirrhotic patients, few studies have been conducted to evaluate nutritional risk in chronic hepatitis C patients at earlier stages of disease progression. The deterioration of nutritional status seen in patients with cirrhosis is well known (16, 18, 28, 30) , but patients with chronic hepatitis C appear to exhibit more overweight and obesity. Two different studies have shown a mean of overweight in patients with chronic HCV infection through body mass index (BMI): from 26.4±4.8 (8) to 28.61±5.06 (24) kg/m 2 . Loguercio et al. in a study with 1084 HCV infected patients, observed that 49% of men
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Juliana Paula BRUCH 1, 2 , Mário Reis ÁLVARES-DA-SILVA 1, 3, 4 , Bruna Cherubini ALVES 1, 2 and Valesca DALL' ALBA 1, 2, 5, 6 and 59% of women were overweight. Another study, in Italy, with 180 chronic HCV infected patients, found a prevalence of 44% of BMI greater than 25 kg/m 2 (1) . Obesity has become a worldwide public health problem, affecting both developed countries and those in development (41) . The high prevalence of obesity is accompanied by an increase in cardiovascular risk factors, such as dyslipidemia, chronic inflammations, insulin resistance and type 2 diabetes mellitus, beyond an increased incidence of nonalcoholic fatty liver disease (NAFLD) (32) . In terms of its relationship to liver disease, it is well known that patients with chronic HCV who are overweight have worse prognosis than those at adequate weight (1) . There is not yet consensus on the ideal method for conducting nutritional assessments of patients with chronic hepatitis C, but several different methods have been used, including dietary recalls, analyses of dietary intake, subjective global assessments, anthropometry and biochemical parameters (16) .
In addition, functional assessment using measures of hand grip strength (HGS) obtained with dynamometry is being strongly recommended as a useful method for both nutritional diagnosis and nutritional monitoring, since it is a highly sensitive method that is capable of early detection of changes such as loss of strength and protein depletion (16, 25, 36) . Several studies have consistently and repeatedly demonstrated that HGS is the most sensitive method for detecting nutritional risk in patients with cirrhosis (4, 16, 36) . Nunes et al. (30) assessed 119 cirrhotic patients with hepatitis C, using several different methods of nutritional assessment. The dynamometry method detected the highest prevalence of malnutrition (58.8%), followed by triceps skinfold (34.5%), arm circumference (31.1%), muscular circumference of arm (29.4%), adductor pollicis muscle thickness (APMT; 14.3%) and subjective global nutritional assessment (6.4%), while BMI detected the lowest prevalence (5.9%). Another similar study, also with patients with chronic HCV, found the highest number of patients with abnormalities compatible with malnutrition using HGS (61%) (16) . In response to the scarcity of literature on the nutritional profile of patients with HCV, this study was conducted with the objective of evaluating nutritional status and cardiovascular risk in chronic hepatitis C patients.
METHODS
This cross-sectional study enrolled adults patients with chronic hepatitis C, genotypes 1, 2 or 3, attended at the Gastroenterology Division's outpatient Clinic at Hospital de Clínicas de Porto Alegre, Brazil, from October 2013 to June 2014. At the time of data collection, all patients had either been off antiviral treatment for at least 4 months or had never had such treatment. The research protocol was approved by the Research Ethics Committee at Hospital de Clínicas de Porto Alegre and all patients were only enrolled after they had read, understood and signed a free and informed consent form.
Hepatitis C virus infections were confirmed by anti-HCV ELISA 3 and by detection of viral RNA by polymerase chain reaction (HCV RNA PCR). Patients had undergone liver biopsy, as the clinic's routine practice, up to 12 months before enrollment on study. Only specimens with more than 10 portal spaces were considered for analysis. All samples were analyzed by the same experienced pathologist who was blind to all other details of each case. Patients were excluded if they had cirrhosis (whether diagnosed by clinical criteria or anatomopathological findings), hepatocellular carcinoma or other malignant tumors, coinfection with HIV or HBV, liver transplantation, pregnancy, active antiviral treatment or significant alcohol consumption (over 10g of ethanol/day) (23) .
Anthropometric assessment
Anthropometric assessment consisted of evaluating BMI and waist circumference (WC; measured at the midpoint between the last rib and the iliac crest) as recommended by the World Health Organization (WHO) (40) ; arm circumference (AC; measured at the midpoint between the acromion and olecranon on the posterior surface of the non-dominant arm, in relaxation); and triceps skinfold (TSF; 3 measurements) as used in the National Health and Nutrition Examination Survey (NHANES) (17) . Neck circumference (NC) was measured by the smallest circumference just above the laryngeal prominence with patient sitting down or standing up, with the spine erect and the head in the Frankfurt horizontal plane (6) . The APMT was measured with the subject sitting down, with the ventral surface of the hand resting on the knee and the elbow at an angle of approximately 90° on the homolateral lower limb (21) . Patients were weighed in light clothing and unshod using a Filizola balance with 150 kg capacity and TSF were measured with a scientific adipometer (Lange ® ) with precision of 1 mm, while all other measurements were taken using a 150 cm inextensible anthropometric tape.
Functional assessment
Functional assessment consisted of measuring grip strength of the non-dominant hand, using a Jamar ® mechanical dynamometer and recording the result in kgf (3) . Patients were positioned sitting down with a straight back and no armrests and with elbow flexion at 90º. They were first shown how to use the apparatus and allowed to practice with the dominant hand to familiarize ourselves with the device. Patients were then requested to grip the dynamometer with their non-dominant hand using maximum strength for 3 seconds. The test was repeated three times at 1-minute intervals and the maximum score recorded was used for analysis (36) .
Physical activity assessment
Physical activity levels were assessed using the short form of the International Physical Activity Questionnaire (IPAQ), on the basis of the quantity of physical activity engaged in during the previous week (11) .
Cardiovascular risk assessment
Cardiovascular risk was assessed by calculating the Framingham score (12) , which predicts a 10-year risk of suffering a cardiovascular event on the basis of the following factors: age, total cholesterol, HDL cholesterol, systolic arterial blood pressure and presence/absence of diabetes mellitus and smoking.
Statistical analysis
Results for quantitative variables were expressed as means and standard deviations and results for qualitative variables were expressed as frequencies and percentages.
RESULTS
A total of 58 patients of both sexes with chronic hepatitis C, without cirrhosis, were enrolled from 2013 to 2014. Of these 58 patients, 39 (67.2%) exhibited differing degrees of liver fibrosis. F1 was the most prevalent degree (37.9%), followed by F2 (27,6%), and F3 (1,7%) (5) . The general characteristics of the study population and their cardiovascular risk are described in Analysis of patients by BMI (<25 vs ≥25 kg/m 2 ) showed that those with overweight/obesity had lower HGS than patients with healthy weight (27.8±10.8 vs 29.6±10.0 kgf), but the difference was not statistically significant. Also, it was not found any statistical difference comparing HGS with other clinical characteristics, such as gender, age and liver fibrosis.
Patients' anthropometric characteristics are given in Table 2 . The prevalence of overweight/obesity according to BMI was 70.7%. For HGS, 15 (57.7%) of men and 22 (68.8%) of women had HGS values below the 50th percentile. Mean NC for men was 40.0±2.9 cm, with 34.6±1.8 cm for the women; and mean APMT were 16.5±3.4 mm and 14.8±2.7 mm, for men and women respectively (Table 3) .
DISCUSSION
Patients with chronic hepatitis C assessed in this study exhibited a high rate of overweight/obesity and had below-normal values for HGS.
Assessing nutritional status in patients with liver disease throws up many challenges, since there is no single method that can be used to precisely diagnose the nutritional status of these patients. Early detection of patients at nutritional risk and appropriate dietary prescriptions could help to minimize the consequences of hepatitis C (16) . There are many studies in the literature that have assessed the nutritional status of cirrhotic patients, finding significant abnormalities providing evidence of malnutrition (8, 16, 18, 28) . Few studies have been conducted of the anthropometric and nutritional profiles of patients with chronic liver disease, but it does appear to be more common for these patients to exhibit elevated BMI (1, 8, 13, 24, 39) . Metabolic and physical changes resulting from cirrhosis, including changes to the proportion of water in the body, due to ascites and edema, may be a major source of confounding factors when assessing nutritional status, particularly with overweight patients (26) . Notwithstanding, the elevated BMI observed in this study is unlikely to be related to accumulation of liquids since this sample did not contain patients with cirrhosis or with edema and/or ascites.
With relation to body weight, it is known that the increased prevalence of obesity is to a great extent due to physical inactivity and excessive food intake (29) . With regard to physical activity, the IPAQ assessment showed that almost 56.9% of patients had low weekly physical activity levels, whether in the form of domestic activities or leisure, which can lead to low energy expenditure, further contributing to excess weight. Wolf et al. (42) demonstrated that overweight people with NAFLD who followed a controlled diet for weight reduction combined with physical activity for 15 months exhibited improvements in alanine aminotransferase and insulin levels, achieved improvements in quality of life, reductions in risk of diabetes mellitus, hypertension, dyslipidemia and steatosis, and improvements in hepatic fibrosis and inflammatory activity.
Analysis of WC showed that 72.4% of patients assessed had WC larger than recommended by the WHO, in common with results published by Pretta et al. (33) . Localized body fat in abdominal region, irrespective of patient's total fat volume, is an independent predictive factor of fat buildup in hepatocytes and as such is a determining factor in the pathogenesis of NAFLD (9) . Onset of NAFLD is characterized by increase in intracellular triglycerides content caused by an imbalance between synthesis and breakdown of triglycerides and when accompanied by obesity and insulin resistance this imbalance can be more extreme, in addition to triggering tissue lypolysis and resulting in build-up of lipids in hepatocytes (38) . These lipid stocks can reach toxic levels, increasing oxidative stress, with formation of free radicals and mitochondrial damage. The abnormal lipid peroxidation will lead to liver damage with inflammation and even fibrosis (38) . Obesity and, more specifically, the level of intra-abdominal fat, are positively associated with RI and metabolic syndrome (14) , which in turn is correlated with more rapid progression to fibrosis in patients with hepatitis C (43) . Fat accumulation in the abdominal region is also associated with increased risk of cardiovascular disease (37) . Indeed, practically 70% of the patients assessed in this study exhibited moderate or high risk of suffering a cardiovascular event within 10 years, similar to results reported for diabetic patients and patients with metabolic syndrome (34) . It is already described that patients with obesity have reduced handgrip strength measured by dynamometry (10) . In this study, we also found elevated prevalences of overweight/ obesity and malnutrition in chronic hepatitis C patients, according to dynamometry-based assessment using reference values published by Schlüssel (36) . Gottschall et al. (16) and Álva-res-da-Silva and Silveira (3) classified HGS results for chronic HCV patients without cirrhosis, and, also observed values below the average (61%). Comparing our results with this parameter (3) , the prevalence of malnutrition remains elevated (58.6%). It is worth emphasizing that the patients we evaluated were not on any type of antiviral treatment, bearing in mind that medications such as pegylated interferon and ribavirin are linked with several side effects, such as nausea, vomiting and lack of appetite, among others; which are also factors that contribute to exacerbation of poor nutritional status (22) . Using HGS as a measurement of muscle strength may prove to be of great utility, since it is a rapid technique that is easily reproducible, low-cost and sensitive to nutritional changes. It offers the advantage of technical practicality, since it is a noninvasive procedure, making it applicable for wide scale use in population, and it is also inexpensive (3) . It has already been shown that using BMI alone is not a safe method for nutritional assessment of cirrhotic patients (15, 19, 35) . Additionally, body weight appears to be less correlated with disease progression and particularly with degree of fibrosis than with dietary components (7) . On the other hand, WC may have indications as a useful parameter for assessment of patients with liver disease in order to identify risk of metabolic disorders.
CONCLUSION
It appears that weight loss occurs at more advanced stages of hepatic and nutritional ill health, when the disease has already exacerbated and other clinical parameters have also deteriorated. Adoption of methods that can be used for early identification of changes in nutritional status, such as HGS, could prove of great value for taking the decision to adopt more aggressive dietary management that is more effective for countering the initial stages of protein depletion, thereby contributing to improve prognosis. The elevated body fat percentage observed in this sample of patients with chronic hepatitis C may be an important risk factor for emergence of cardiovascular diseases and other associated complications, in addition to having a direct impact on these people's quality of life.
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